Strain Controlled Ultra-Low-Energy Magnetic Tunneling Junction by Ahmad, Hasnain et al.
Virginia Commonwealth University
VCU Scholars Compass
Graduate Research Posters Graduate School
2015
Strain Controlled Ultra-Low-Energy Magnetic
Tunneling Junction
Hasnain Ahmad
ahmadh2@vcu.edu
Supriyo Bandyopadhyay
Virginia Commonwealth University
Jayasimha Atulasimha
Virginia Commonwealth University
Follow this and additional works at: http://scholarscompass.vcu.edu/gradposters
Part of the Electronic Devices and Semiconductor Manufacturing Commons, and the
Nanotechnology fabrication Commons
This Poster is brought to you for free and open access by the Graduate School at VCU Scholars Compass. It has been accepted for inclusion in Graduate
Research Posters by an authorized administrator of VCU Scholars Compass. For more information, please contact libcompass@vcu.edu.
Downloaded from
Ahmad, Hasnain; Bandyopadhyay, Supriyo; and Atulasimha, Jayasimha, "Strain Controlled Ultra-Low-Energy Magnetic Tunneling
Junction" (2015). Graduate Research Posters. Poster 11.
http://scholarscompass.vcu.edu/gradposters/11
RESEARCH POSTER PRESENTATION DESIGN © 2012 
www.PosterPresentations.com 
(—THIS SIDEBAR DOES NOT PRINT—) 
DES IG N  G U IDE  
 
This PowerPoint 2007 template produces a 36”x48” 
presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics.  
 
We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go online 
to PosterPresentations.com and click on HELP DESK. 
 
When you are ready to print your poster, go online to 
PosterPresentations.com 
 
Need assistance? Call us at 1.510.649.3001 
 
 
QU ICK  START  
 
Zoom in and out 
 As you work on your poster zoom in and out to the level 
that is more comfortable to you.  
 Go to VIEW > ZOOM. 
 
Title, Authors, and Affiliations 
Start designing your poster by adding the title, the names of the authors, 
and the affiliated institutions. You can type or paste text into the 
provided boxes. The template will automatically adjust the size of your 
text to fit the title box. You can manually override this feature and 
change the size of your text.  
 
TIP: The font size of your title should be bigger than your name(s) and 
institution name(s). 
 
 
 
 
Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert a 
logo by dragging and dropping it from your desktop, copy and paste or by 
going to INSERT > PICTURES. Logos taken from web sites are likely to be 
low quality when printed. Zoom it at 100% to see what the logo will look 
like on the final poster and make any necessary adjustments.   
 
TIP:  See if your school’s logo is available on our free poster templates 
page. 
 
Photographs / Graphics 
You can add images by dragging and dropping from your desktop, copy 
and paste, or by going to INSERT > PICTURES. Resize images 
proportionally by holding down the SHIFT key and dragging one of the 
corner handles. For a professional-looking poster, do not distort your 
images by enlarging them disproportionally. 
 
 
 
 
 
 
 
Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look good 
they will print well.  
ORIGINAL DISTORTED 
Corner handles 
G
o
o
d
 p
ri
n
ti
n
g 
q
u
al
it
y 
B
ad
 p
ri
n
ti
n
g 
q
u
al
it
y 
QU ICK  START ( con t . )  
 
How to change the template color theme 
You can easily change the color theme of your poster by going to the 
DESIGN menu, click on COLORS, and choose the color theme of your 
choice. You can also create your own color theme. 
 
 
 
 
 
 
 
You can also manually change the color of your background by going to 
VIEW > SLIDE MASTER.  After you finish working on the master be sure to 
go to VIEW > NORMAL to continue working on your poster. 
 
How to add Text 
The template comes with a number of pre-
formatted placeholders for headers and text 
blocks. You can add more blocks by copying and 
pasting the existing ones or by adding a text box 
from the HOME menu.  
 
 Text size 
Adjust the size of your text based on how much content you have to 
present. The default template text offers a good starting point. Follow 
the conference requirements. 
 
How to add Tables 
To add a table from scratch go to the INSERT menu and  
click on TABLE. A drop-down box will help you select rows 
and columns.  
You can also copy and a paste a table from Word or another PowerPoint 
document. A pasted table may need to be re-formatted by RIGHT-CLICK > 
FORMAT SHAPE, TEXT BOX, Margins. 
 
Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or Word. 
Some reformatting may be required depending on how the original 
document has been created. 
 
How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see the 
column options available for this template. The poster columns can also 
be customized on the Master. VIEW > MASTER. 
 
How to remove the info bars 
If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. You can also delete 
them by going to VIEW > MASTER. On the Mac adjust the Page-Setup to 
match the Page-Setup in PowerPoint before you create a PDF. You can 
also delete them from the Slide Master. 
 
Save your work 
Save your template as a PowerPoint document. For printing, save as 
PowerPoint of “Print-quality” PDF. 
 
Print your poster 
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the “Order Your Poster” button. 
Choose the poster type the best suits your needs and submit your order. 
If you submit a PowerPoint document you will be receiving a PDF proof 
for your approval prior to printing. If your order is placed and paid for 
before noon, Pacific, Monday through Friday, your order will ship out that 
same day. Next day, Second day, Third day, and Free Ground services are 
offered. Go to PosterPresentations.com for more information. 
 
Student discounts are available on our Facebook page. 
Go to PosterPresentations.com and click on the FB icon.  
© 2013 PosterPresentations.com 
    2117 Fourth Street , Unit C         
     Berkeley CA 94710 
    posterpresenter@gmail.com 
We are experimenting on designing a voltage-controlled ultra-low-energy 
Magnetic Tunneling Junction (MTJ) device using a soft single domain 
magnetostrictive layer (i.e. Galfenol: Fe1-xGax , x = 20 At%) coupled to a 
piezoelectric layer (i.e. PMN-PT). These nanomagnets have been 
characterized by magnetic force microscopy for observing their switching 
capabilities. Several nano magnets have shown magnetization reversal 
after applying stress. These simple strain controlled MTJs can act as non-
volatile NAND and NOR gate depending on the shape anisotropy barrier 
of the soft ferromagnetic layer (FeGa) and are extremely energy-efficient. 
Abstract 
Objective 
1. Spin coating : 2500 rpm, Bake : 1150   Celsius for two minute,  PMMA 
495 and PMMA 950 to get a clean under cut. 
2. Different shapes and sizes of pattern transfer by nanolithography at 30 
KV.  
 
 
 
 
 
 
 
3. Ti  :  5nm, Deposited by evaporation as adhesion layer. 
4. 12 nm to 20 nm thick FeGa nanomagnets are patterned .  
5. Lift off:  6 to 7 hour in hot acetone. 
Future Work 
1. Overcoming some challenges like magnetic domain pinning, shape 
irregularity, irregular edges in the pattern, strain gradients across the 
FeGa etc. that hinder magnetization switching under stress application. 
2. Deposition of a tunneling oxide layer and hard ferromagnetic layer to 
complete the MTJ. These simple strain controlled MTJs can act as non-
volatile NAND and NOR gate depending on the shape anisotropy 
barrier of the soft ferromagnetic layer (FeGa) and are extremely 
energy-efficient. 
 
1. Characterization of  thin film Fe(0.8)Ga(0.2) with XRD, XRR, XPS, 
EDAX. 
2. Nanolithography of ellipsoidal magnets and deposition of 
magnetostrictive material, FeGa with sputtering technique and lift-off. 
3. Characterization of nano-magnets with MFM. 
4. Applying voltage to strain the magnets and examine their switching 
behavior. 
 
 
1ELECTRICAL AND COMPUTER ENGINEERING, MECHANICAL AND NUCLEAR ENGINEERING2 
HASNAIN AHMAD1, Jayasimha Atulasimha2 and Supriyo Bandyopadhyay1 
Strain Controlled Ultra-Low-Energy Magnetic Tunneling Junction: 
Deposition and characterization of FeGa 
1. FeGa is deposited using sputtering machine for thin film analysis. 
2. Deposition power was 45 Watt and time is 900s in 1 militorr pressure. 
3. The following is the X-Ray diffraction results to match the 
compositions of the thin film  with the bulk material. 
What is a Magnetostrictive Material? 
Meas. data:FeGa_100_900s_thin_film_graz
ing_incid_1/Data 1
Gallium Iron, ( Fe0.8 Ga0.2 ), 01-071-8220
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Blue -> Standard 
Red -> Experimental Data  
Crystals of ferromagnetic materials change their shape when they are 
placed in a magnetic field. This phenomenon is called magnetostriction. It 
is related to various other physical effects. 
 
 
 
 
An widely utilized effect related to magnetostriction is the Villari Effect. 
This effect is based on the fact that when a mechanical stress is imposed on 
a sample, there is a change in the magnetic flux density which flows 
through the sample as a result of the creation of a magnetic field. That can 
rotate the magnet’s magnetization. 
 
Pattern Delineation by Nanolithography 
245 nm by 129nm 
189 nm by 162nm  
Thickness 17 nm  
Characterization By Magnetic Force Microscopy 
1. The patterned magnets are characterized by MFM before applying 
stress. The following are the MFM micrographs after magnetizing 
every nanomagnets in a strong magnetic field of 1 Tesla. 
2. After applying stress, they are examined again to see their switching 
characteristics. 
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64.63 1.441(4) 79(10) 
81.05 1.1855(18) 82(10) 
